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genes involved in necroptosis. Whether 
this is due to methodological limitations 
or rather hints at a hitherto unsuspected 
mechanism of Bmf-dependent cell death 
remains to be established.
The challenge of characterizing the 
precise mechanisms of programmed 
necrosis, as well as of the molecular 
switches between apoptosis and necro-
sis, has major therapeutic implications. 
In some instances, the selective inhibi-
tion of necrosis (and/or the facilitation of 
apoptotic cell death) may limit inflamma-
tion, and hence reduce secondary tissue 
damage. Conversely, it may be desirable 
to trigger the necrotic death of cancer 
cells that are resistant to apoptosis. 
Necrostatins have proved their therapeu-
tic potential in a murine model of stroke 
(Degterev et al., 2005). Similarly, phar-
macological and/or genetic inhibition 
of cyclophilin D, AIF, PARP-1, calpains, 
and cathepsins afford cytoprotection in 
vivo in several models of acute cell loss 
(Golstein and Kroemer, 2007). Only the 
future will tell which among the hits iden-
tified by Hitomi et al. will serve as new 
targets for the therapeutic manipulation 
of programmed necrosis. Indeed, sev-
eral of the necroptosis-relevant proteins 
identified, including proteins belonging 
to the interferon and Toll-like receptor 
signaling systems, have already been 
accused of mediating pathological cell 
death in vivo.
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Membrane fission and membrane fusion 
are the two processes fundamental to 
membrane trafficking. Membrane fission 
is the process by which a bud separates 
from a lipid membrane. The best-studied 
fission protein is the GTPase dynamin 
(Praefcke and McMahon, 2004), which 
forms “collar” structures at the neck of 
nascent buds (Takei et al., 1995) and 
can spontaneously polymerize into heli-
cal polymers in the presence or absence 
of membranes (Sweitzer and Hinshaw, 
1998). These findings immediately sug-
gest a mechanism for fission: the helix 
of dynamin would undergo a confor-
mational change upon GTP hydrolysis 
to break the bud neck. Three different 
movements of the helix have been pro-
posed: constriction (Sweitzer and Hin-
shaw, 1998), expansion (Stowell et al., 
1999), or twisting (Roux et al., 2006). 
These mechanisms were initially thought 
to be incompatible, but theories unify-
ing them have since been proposed 
(Roux et al., 2006; Lenz et al., 2008). 
These theories suggest that because 
dynamin is a right-handed helix, further 
right-handed twisting would induce con-
striction. In this issue, Bashkirov et al. 
(2008) and Pucadyil and Schmid (2008) 
now propose a different mechanism for 
fission whereby depolymerization of 
the dynamin helix after GTP hydrolysis 
enables bud separation. In this model, 
the dynamin helix, having brought the 
lipids in the neck region of the bud into 
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During membrane fission, the GTPase dynamin forms helical assemblies at the neck of membrane 
buds. Although it has been proposed that fission results from the constriction of the dynamin helix, 
new work by Bashkirov et al. (2008) and Pucadyil and Schmid (2008) unexpectedly shows that 
helix disassembly is also necessary for membrane fission.
close proximity, contributes to the final 
fission reaction by dissociating from the 
bud neck.
Bashkirov et al. and Pucadyil and 
Schmid use innovative techniques to fol-
low the behavior of dynamin in vitro and 
come to new conclusions regarding the 
mechanism of its function during mem-
brane fission. Pucadyil and Schmid stud-
ied the behavior of lipid bilayers that sur-
round micrometer beads (with the surface 
area of the lipid bilayer greatly exceeding 
that of the bead). They observed that 
these bead-supported lipid bilayers form 
long membrane tubules when dynamin 
is added. These tubules are not com-
petent for fission as the addition of GTP 
simply promotes dynamin disassembly. 
However, dynamin in the continuous 
presence of GTP (a more physiological 
condition) can generate 60–80 nm vesi-
cles from the supported bilayers. Under 
these conditions, dynamin undergoes 
cycles of association and dissociation, 
forming transient and limited (probably 
helical) assemblies. Although this assay 
has limited spatial and temporal reso-
lution, the correlation observed by the 
authors between the timing of fission 
and dynamin disassembly suggests that 
it is disassembly that promotes fission.
Bashkirov et al. used electrophysi-
ological techniques to assess the steps of 
membrane fusion with a temporal resolu-
tion that greatly exceeds that of previous 
efforts. They show that depending on its 
length, a dynamin helix may not directly 
induce membrane fission. The authors 
use a patch-clamp pipette to pull tubules 
from a lipid membrane bilayer. As a 
tubule becomes thinner, its conductance 
decreases. Thus, assessment of tubule 
conductance permits real-time measure-
ments of dynamin-induced changes to 
the radius of the tubule. Bashkirov et al. 
find that in the absence of GTP, dynamin 
coats the tubule in the form of long poly-
mers and strongly constricts it. However, 
this thin, constricted membrane tubule 
covered by dynamin is stable, whereas 
a bare membrane tubule (induced by 
osmotic shock) of similar radius breaks 
readily. Thus, dynamin polymerization par-
adoxically constricts the tubule to a point 
where it could spontaneously break, but 
prevents actual fission. This counterintui-
tive and important observation suggests 
that the membrane-interacting domain of 1164 Cell 135, December 26, 2008 ©2008 Elsfigure 1. An optimal length for the dynamin Helix in membrane fission
(Left) At steady state, dynamin in the presence of GTP forms short helical assemblies on lipid mem-
branes. The helix rapidly twists and dissociates upon GTP hydrolysis, leading to fast and highly localized 
perturbation of the lipid membrane sufficient for fission.
(Right) A long dynamin helix may be less efficient in promoting fission because its transition to the con-
stricted state may be dampened by friction in the membrane. The conformational change of an elemen-
tary helix segment of the same length as that in the left panel is likely hindered by the helix length. Energy 
dissipation and helix relaxation time would increase with increased helix length, thereby weakening and 
delaying the effect of the helix on the membrane. In some cases, the mechanical stress could simply 
break the coat into smaller pieces.dynamin (a pleckstrin homology domain) 
may somehow stabilize the external leaflet 
of the tubule lipid bilayer during constric-
tion. Surprisingly, the radius (2.5 nm) of 
the dynamin-coated tubule determined by 
conductance is about half of that observed 
by electron microscopy in the absence 
of GTP. However, using conductance to 
measure tubule radius may underestimate 
its value, given that at this scale, the Debye 
length (the distance over which an electro-
static charge is shielded) is on the order 
of 1 nm and therefore has an effect. Thus, 
electrostatic charges of the membrane 
could interact with ions and lower the con-
ductance. Nonetheless, the findings of 
Bashkirov et al. support the notion that in 
contrast to previous assumptions, tubule 
constriction by a long dynamin coat is not 
favorable for promoting fission.
When Bashkirov et al. added GTP to 
dynamin-coated tubules, they observed 
complex variations in conductance, 
which the authors propose reflect the 
disassembly of long dynamin polymers evier Inc.followed by the formation of shorter poly-
mers that are more competent for fission 
(Figure 1). In agreement with this, the 
simultaneous addition of dynamin and 
GTP to short tubules (<1 µm in length) 
results in fluctuations in the conductance 
prior to fission, which is suggestive of 
the cycles of dynamin association and 
dissociation observed by Pucadyil and 
Schmid. Together, these results sup-
port the intriguing idea that dynamin can 
go through abortive cycles of assembly 
before fission, thus explaining why the 
length of time for membrane fission to 
occur varies stochastically.
The findings of Bashkirov et al. and 
Pucadyil and Schmid raise two key ques-
tions: what is the role of membrane ten-
sion during fission, and is fission driven by 
dynamin disassembly, a conformational 
change in the dynamin scaffold, or both? 
The experiments of Pucadyil and Schmid, 
performed with low-tension membranes, 
exhibited more stochastic and delayed 
fission than experiments performed with 
high-tension membranes (Bashkirov et al., 
2008; Roux et al., 2006). Thus, although 
dynamin is able to cut low-tension mem-
branes, increased tension will favor the 
reaction. As for the role of dynamin disas-
sembly, Bashkirov et al. present a math-
ematical model showing that the rapid 
release of curvature stress by depolymer-
ization of the dynamin coat could lead to 
membrane instability and spontaneous 
membrane breakage. But does this rule 
out that a conformational change in the 
dynamin structure is required? Not nec-
essarily. GTP hydrolysis in dynamin is 
favored by assembly as this helps to posi-
tion dynamin catalytic residues. However, 
GTP hydrolysis to GDP creates stress in 
the structure. This stress arises from the 
fact that the network of contacts between 
dynamin monomers is established before 
GTP hydrolysis and can delay the confor-
mational change of each monomer. When 
the stress is released by abrupt large-
scale conformational changes, it can be 
used for mechanical work. In the case of 
a short dynamin helix, this mechanical 
work could be sufficient to sever the mem-
brane. However, for very long dynamin 
helices, the conformational change would Close contacts between mitochondria 
and the endoplasmic reticulum (ER) are 
physiologically important for metabolite 
exchange and modulation of Ca2+ sig-
naling (Pizzo and Pozzan, 2007). Ca2+ 
ions are mainly stored in the ER but 
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mitochondria to control the efficneed to propagate along the polymer in 
a coordinated manner. This may result in 
two effects (Figure 1). First, friction could 
dissipate some of the mechanical work 
(Lenz et al. 2008), making long tubules 
less competent for fission. Second, dis-
tortion of the helix during this propagation 
could create mechanical stress within the 
dynamin helix and cause it to suddenly 
break and disassemble. These effects 
are consistent with the low fission effi-
ciency of long dynamin helices described 
by the two studies and could also provide 
an alternative explanation for Bashkirov 
et al.’s observation of complex changes 
in conductance when GTP is added to 
preassembled dynamin tubules.
In conclusion, the findings of the two 
new studies, together with previous theo-
ries of dynamin mechanism, suggest the 
intriguing hypothesis that fission could 
result from a fast two-stroke movement—
constriction and dissociation—of a short 
dynamin helix (Figure 1). Although long 
helices have been instrumental in struc-
tural studies of fission, their slow mechani-
cal relaxation upon GTP hydrolysis may 
be at the expense of fast membrane rear-
rangements. The studies of Bashkirov et Cell 135, De
can be taken up by mitochondria after 
their release from the ER during cell 
signaling. It has been proposed that the 
efficiency of this process depends on 
zones of close proximity between the 
ER and the mitochondrial outer mem-
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iency of mitochondrial uptake of Cal. and Pucadyil and Schmid highlight the 
need to take the length of dynamin helices 
into consideration when studying mem-
brane fission.
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brane. However, the structural basis of 
these contacts has remained enigmatic. 
In a recent paper in Nature, de Brito and 
Scorrano (2008) report that the mito-
fusin MFN2 tethers ER membranes to 
mitochondria, thereby discovering an 
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er on Cellular Stress Responses in Aging-
for mitochondrial fusion, cause 
t report in Nature, de Brito and 
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